SUMMARY Obstetric and perinatal records have been assembled on 250 infant deaths and an equal number of live controls including 55 deaths associated with congenital anomalies. The information was used to construct a scoring system to identify high-risk infants at birth. Parents of 115 of the cases and their controls were also interviewed and all hospital, general practitioner, and health service records abstracted. Cases and controls were compared item by item in respect of all information available up to the age of one month and a scoring system constructed for use at one month.
In 1973 (Protestos et al.) we reported a retrospective study of the obstetric and perinatal states of children who presented later as unexpected deaths in infancy and compared the findings with a control group. From these data we developed a scoring system designed to identify high-risk infants at the time of birth.
The system was evaluated in a 2-year prospective study in Sheffield. The first-year results indicated that the scoring system was highly effective (Carpenter and Emery, 1974, 1975; Emery and Carpenter, 1975) . The findings at the end of the study are essentially similar. The high-risk control group had a relative risk of death 6 8 times that of the low-risk infants. It is estimated that 56% of the unexpected home deaths up to the age of 20 weeks occur in the high-risk group, which comprises 15 *7 % of all births, i.e. the sensitivity of the scoring system is 56 % and the specificity 84 -3 %.
This scoring at birth was thus partially successful but there were still 44% of infants to be identified. In order to extend the system further we have attempted two things. First, to use data available at birth from a larger number of infants and controls to refine the birth score; and second, we have used recalled and recorded information about the first postnatal month from the parents of infants who died, and from controls, and have used that information to constitute a second scoring system at one Received 3 January 1977 month. We have also supplemented this information with data on hospital admissions.
We report the information obtained from these three groups of data and the effect of combining them.
Material and methods
Our earlier study was based on obstetric and perinatal records of 135 cases of unexpected infant death and 135 controls. Details of the method of selecting controls and the data abstracted from the medical records are given by Protestos et al. (1973) . Since that study, data have been assembled on a further 115 cases of unexpected infant death that have since occurred in Sheffield or Rotherham, and on 115 controls. 39 of the new cases were excluded because death was associated with congenital anomalies, as were 16 in the earlier study, leaving 76 comparable new cases. As before, all available control data were used.
The parents of these new cases were interviewed at home and all hospital, general practitioner, and Community Health Service records relating to them were abstracted as part of a study of all infant deaths occurring in the Sheffield area. Identical data were assembled on the controls. 30 of 115 control parents were not traced due to removal or refusal to be interviewed, and in this event the control child was replaced by another similarly selected. 606 Thus, the material studied came from a total of 250 unexpected deaths with 250 controls. Protestos et al. (1973) , there are some differences but they are not significant. Now a history of cyanotic attack, grunting, and the use of oxygen therapy is significant. It will also be noted that jaundice is not significant in either set of data, while incubator treatment is significant in both. Using information available at birth. Table 4 presents the results of stepwise discriminant analysis applied to the items of the antenatal and delivery data shown in Table 1 . The purpose of the analysis is to find the minimum subset of these variables which will best distinguish cases from controls. The list shown in Table 4 now differs from the one presented by Carpenter and Emery (1975) in that 'polyhydramnios' has been replaced by 'twin'. Polyhydramnios appeared to have been fairly arbitrarily reported and it is satisfactory that the stepwise discriminant analysis now replaces this variable by the unambiguous variable 'twin' which is well known to be associated with increased risk of unexpected death (Carpenter, 1965) . The Gairdner assessment of prematurity, which was also used in the first scoring system, was not accurately completed and has not been used, so this variable was omitted from the revised analysis. The variables 'birthweight' and 'gestation' measured from the last menstrual period were included. The result is that birthweight is a significant factor but gestation adds nothing to birthweight. The data are too few to assess the risks of postmature infants. The mother's blood group is changed to A or not A, as already noted. Infants who are initially wholly breast fed stand out as being at lower risk than the remainder. Table 5 presents a scoring system derived by suitably scaling the coefficients shown in Table 4 . Using birth score and later interview data. Birth scores have been calculated using the system shown in Table 5 for all 76 new cases and the 115 controls. The score, together with symptoms, the items shown in Tables 2 and 3 , and hospital admission, were used in the second stepwise discriminant analysis. Average values for the whole group were used for missing data. The results are shown in Table 6 . Effectiveness of the scoring systems. The effectiveness of the scoring systems has been evaluated using the 76 cases and 115 controls. Table 8 shows that the birth score identified 57 % of these unexpected deaths. The multistage score identified 75 % of them and the estimated probability of death multiplied by 1000 in the high-risk group is 22-0, i.e. one death in 45 children. In all, the multistage system identified 33 % more cases. The Fig. shows Validation by recent cases and controls. Applying a scoring system to the cases and controls from which it is constructed gives an over-optimistic picture of its effectiveness (Hills, 1966) . The reduction in performance that occurs when applied to subsequent cases is described as shrinkage (Lachenbruch, 1968) . While the scoring system was being constructed, data on a further 24 cases and 48 controls have been collected, and we have used data from these cases and controls to validate the new system. high-risk group in which the estimated probability of unexpected death between 1 week and 2 years x 1000 is 9-9, which is only slightly less than that observed in the prospective study. Table 10 gives a similar analysis of the recent cases and controls using the multistage scoring system. Table 10 shows that the probability of unexpected death x 1000 in the high-risk group is 14-8, which is 49 % larger than the probability for the high-risk group defined by the birth score.
Both Tables 9 and 10 suggest that the high-risk  groups as defined by Tables 5 and 7 may be larger than the 15 % hoped for. Also, when applied to these new cases, both systems do less well than predicted by Table 8 . This is partly due to shrinkage, but it may also be due to the efforts now being made in Sheffield to prevent deaths in high risk infants. Two-thirds of all postperinatal infant deaths, excluding those associated with congenital anomalies, are unexpected and over 90% of them occur after the age of one month. The possibility of identifying high-risk babies and the beneficial effect of general supervision has led the Sheffield Area Health Authority to decide that the routine examination of children attending welfare clinics at 6 weeks should be supplemented by a home interview of the whole of the infant population at 4 weeks especially aimed at identifying babies at risk. It will, however, take several years to validate the results of this exercise, but when that material has been analysed it should be possible to improve the one-month discriminant.
Our analysis shows that there are substantial advantages in combining a birth and a one-month score. An additional advantage should also be noted. Babies scored as high-risk at birth, but who are not identified at the one-month stage, are still at a risk 2-7 times greater than that of the low-risk group; they should benefit from special care in the first 4 weeks and any carry-over effect that results from it.
The Fig. clearly indicates that attention should be focused on the high-risk group, at least until the age of 6 months and possibly longer. If special care can be given to all high-risk infants for a period of 6 months this may, by resolving difficulties associated with their nurture, improve their chance of survival through infancy. When the risks are no more than that of the low-risk group, the postperinatal infant mortality will be approaching that reported in the Scandinavian countries.
Unexpected deaths at home are not simple home deaths and, we believe, are usually due to a summation of factors rather than a single cause. Our present scoring system does not identify these causes as such and when a child has been identified as at increased risk, we have no single preventative tool or system to apply. We do not consider that our present state of knowledge justifies us in telling any parent that their child is at risk of being a cot death and in none of our work in Sheffield have we done so. Our scoring system enables the various members of the primary care team to be more alert to nonspecific factors and symptoms in some children than in others, and no more than this.
The birth and one-month scoring systems as shown in Tables 5 and 7 can be misleading and, indeed, dangerous tools. We have no direct evidence that the criteria apply to any community other than that studied by us in Sheffield during the years 1972-74 and we do not think that it would be justifiable for any area to apply these figures until they have tested their validity on a series of local postperinatal deaths. In its present form the scoring system is designed to cover two-thirds of the unexpected deaths and thus, there are a number of deaths to which these criteria do not apply. The system only indicates an increased risk and, if the criteria and scoring systems are made available to the general public, a large number of parents are likely to be alarmed unnecessarily; here we are completely at the mercy of the level of responsibility of the lay press and those concerned with mothers and young babies. 
